CN 53-1040/Q ISSN 0254-5853 
DOI: 10.3724/SP.J.1141.2009.02131 


ny SF RR 
Zoological Research 


2009, Apr. 30(2): 131-136 


Chromosome Preparation and Preliminary Observation of Two 
Amphioxus Species in Xiamen 
ZHANG Qiu-jin™?, LI Guang’, SUN Yi’, WANG Yi-quan”” 


(1. College of Life Sciences, Fujian Normal University, Fuzhou 350108, China; 


2. School of Life Sciences, Xiamen University, Xiamen 361005, China) 


Abstract: Amphioxus has an important evolutionary position as a result of their phylogenetic position relative to 
vertebrates. Understanding their chromosomes would provide key points in the study of evolutionary biology and 
comparative genomics. The difficulty in preparing amphioxus chromosomes currently provides a significant hurdle in this 
research. In the current study, we describe an improved method for metaphase preparation from amphioxus embryos and 
methodology for preparing metaphase spreads from regenerative somatic cells. Chromosomes of two amphioxus species 
from Xiamen waters in China are also observed. The diploid chromosome number was found to be 40 in Branchiostoma 
belcheri, while B. japonicum has 36, confirming the two are distinct species from cytotaxonomic viewpoint. 
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d. WEIMER EMEA, HI 350108;2. AIK ÆEMFLE HI] 361005) 

HE: SARRE op, HEREA ATEREA LE BOE AZ 7 RA ERX. AAS ta 
REIRE ME, EES BE TP. KATE T Fee N a S a R 2 AS HH TT, URH 
Ey es WO FE 4 JL ti 2 RE, PRAT OCG £8 (Se fa hs, ENR T T 2 AC eK, 
HAA PG 44 (Branchiostoma belcheri) 4X4% 2n=40, AAS SE 4a CB. japonicum) ZAÑ 4R 2n=36. FYRA AA 
DAME IA BEUE FRSC EM ASCE Aa EA PH AP RHE AT 
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Lancelets, or amphioxus, belong to Subphylum 
Cephalochordata, which include about 30 species of 
small marine animals. They share key anatomical and 
developmental features with vertebrates, including a 
dorsal hollow nerve cord, a notochord, pharyngeal gill 
slits, segmental muscles and a post-anal tail. However, 
the amphioxus genome lacks the extensive gene 
duplications like that happened in vertebrates (Holland et 
al, 2004; Putnam et al, 2008) and its body plan is similar 
to that of a simplified vertebrate. As a result of its 
phylogenetic relationship to vertebrates, the lancelets 
play an important role in the study of evolutionary and 
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developmental biology. 

Investigation of amphioxus chromosomes will 
provide important information regarding chromosome 
evolution and comparative genomics. Although Stricht 
alluded to the 
lanceolatum in the descriptions of amphioxus ovogenesis 
in 1895 (see Howell & Boschung, 1971), the study of 
amphioxus chromosomes progressed slowly due to the 
difficulties in preparing metaphase spreads. No somatic 


chromosomes of Branchiostoma 


tissue with high mitotic index was found for metaphase 
preparation. So far, the chromosome numbers of only 
three lancelets B. belcheri (actually B. japonicum), B. 
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floridae and B. lanceolatum were reported, and all of 
those chromosomes were prepared from male gonad 
tissue (Nogusa, 1957; Howell & Boschung, 1971; 
1974; Saotome & Ojima, 2001). The 
amphioxus chromosomes are extremely small and gently 


Colombera, 


grade in size and their shape is very similar to each other 
(Howell & Boschung, 1971; Colombera, 1974; Saotome 
& Ojima, 2001; Wang et al, 2003). All of these restrict 
the progress in the study of amphioxus chromosome and 
consequently, only the chromosome numbers of three 
lancelets were available for a long period. Until 2002, 
Castro & Holland firstly used amphioxus embryos to 
prepare metaphase spreads, which led to the new 
achievements in the karyotype (Wang et al, 2003), 
banding pattern (Wang et al, 2004; Zhang et al, 2004) 
and gene mapping (Castro & Holland, 2002, 2003; 
Castro et al, 2004; Luke et al, 2003; Minguillón et al, 
2004). 

The metaphase preparation from amphioxus gonads 
or embryos can only be conducted in the breeding season. 
In addition, some problems need to be overcome when 
the embryonic metaphases are prepared according to the 
previous protocols (see below). In this study, we report a 
modified method for preparing amphioxus metaphase 
spreads from embryos and describe a method for 
preparing metaphase spreads from regenerative somatic 
cells. We also observe the chromosome numbers of two 
amphioxus species from Xiamen, China, and provide 
new cytotaxonomic data to demonstrate that B. belcheri 
and B. japonicum are distinct species. 


1 Materials and Methods 


1.1 Metaphase preparation from embryos 

All samples used in the present study were 
morphologically identified according to our previous 
reports (Xu et al, 2005; Zhang et al, 2006). Two lancelets 
B. belcheri and B. japonicum collected from Xiamen 
Rare Marine Creature Conservation Areas (Fujian, China) 
were cultured in the laboratory (Zhang et al, 2007). 
During spawning nights, the fertilized eggs were 
collected by filtering through 100 mesh nylon net. After 
rinsed in fresh seawater the embryos were cultured in 
Petri dish with filtered seawater at room temperature 
(about 25°C). Embryos at blastula or early gastrula stages 
were used to prepare metaphase spreads. After pretreated 
in filtered seawater containing 20ug/mL colchicine for 
20min, the embryos were suctioned gently via a Pasteur 
pipette (with the tip 200-300 um inside diameter) to 
envelopes and disperse 


destroy the fertilization 
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embryonic cells. The embryonic cells were harvested by 
centrifuging at 700 r/min for 5min and treated in the 
hypotonic KCl solution (187.5 mmol/L) with an 
appropriate volume for 40 min. For pre-fixation treatment 
to the cells, about 0.1 volume of fresh methanol: glacial 
acetic acid (3:1) were added into the hypotonic solution 
and mixed gently, then the cells were harvested 
immediately via centrifugation (700 r/min for 5min). The 
harvested cells were fixed with fresh methanol: glacial 
acetic acid fixative (3:1). The fixative was changed 2 
times over a period of 1 h. The fixed embryonic cells 
were suspended with a little fresh fixative, and the 
preparations were produced by dropping the suspension 
onto slides (50 to 100uL per slide). 
1.2 Metaphase preparation from regenerative cells 
The somatic metaphase spreads were prepared from 
regenerative cells. The animals were cut on the tailend 
and then cultured normally feeding with unicellular algae 
for 2 or 3 days. When new tail calluses started growing, 
the animals were treated in seawater containing 20-30 
ug/mL colchicine for 40 min to 2h at about 25°C. 
Subsequently, the tail calluses containing lots 
regenerative cells were cut off about 1 mm along the 
wound and dissociated into extremely tiny pieces (most 
of them were single cells) in 10uL seawater with knives 
under stereoscope. The cells were directly suspended 
with 1 to 2mL hypotonic KCl solution (187.5 mmol/L) 
and the suspension was dropped onto a glass slide which 
was placed over two glass bars in Petri dish 10cm in 
1982). After hypotonic 
treatment for 40min, about 15 mL fresh fixative solution 
of ethanol: glacial acetic acid: distilled water (1:2:3 V/V) 
were added into Petri dish and the cells were fixed for 1 


diameter (following Wu, 


to 2 h with vapor. Then the fixative was replaced with 
ethanol and the cells were fixed again for 20min. During 
the hypotonic treatment and fixation, extreme caution is 
necessary to prevent the suspension overflowing the slide. 
Finally, the slide was tilted to drain hypotonic solution 
and washed with fresh solution of ethanol: glacial acetic 
acid (1:2 v/v). 

The preparations were air-dried and then stained 
with 10% 
chromosomes were observed and photographed under a 


Giemsa for 10 min. The metaphase 


BX41 Olympus microscope. 
2 Results 


Using the improved method, we produced large 
numbers of metaphase spreads from embryonic cells of B. 
belcheri and B. japonicum. The chromosomes were 
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almost homogeneously stained with Giemsa, and showed 
a gentle gradation in size. The chromosome shape was 
not obviously different in the spreads (Fig. 1). It was 
difficult to distinguish individual chromosome and to 
define the chromatids and centromeres in most spreads 
(Fig. 1A, C). Only in a few cases could the chromatids 
be defined (Fig. 1B, D). 

In the present study, we also prepared metaphase 
spreads from regenerative cells of the two lancelets (Fig. 
2). Metaphase spreads, mounted in slides, were observed 
from each animal with the exception of old individuals. 


Q 


The chromosomes are extremely small and present both 
rod and dot shape. As mentioned above, the chromatids 
and centromeres were also difficult to define in somatic 
metaphase spreads. 

Two hundred embryonic metaphase spreads of each 
species were observed randomly and their chromosome 
numbers counted. The chromosome numbers ranged 
from 32 to 50 for B. belcheri, and from 27 to 38 for B. 
japonicum, with modal diploid numbers (2n) of 40 
(80.5%) and 36 (81.5%) respectively (Fig. 3). 
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Fig. 1 The metaphase spreads from embryos of Branchiostoma belcheri (A, B) and B. japonicum (C, D). Bars: 10um 


3 Discussion 


Castro & Holland (2002) firstly prepared metaphase 
chromosomes from amphioxus embryos using a more 
complex protocol. Wang et al (2003, 2004) and Zhang et 
al (2004) also prepared metaphase spreads from embryos 
and observed the karyotype and banding patterns of B. 
belcheri tsingtauense (actually B. japonicum). However, 
some problems arose during metaphase preparation 


according to the methods described by Wang et al (2003). 
It was difficult to settle the embryos due to the buoyant 
force on the fertilization envelopes. Moreover, the 
envelopes were not destroyed and the embryonic cells 
were not dissociated well before slide preparation, which 
resulted in overlapping of the metaphase spreads. Mu et 
al (2005) used the same protocol described by Wang et al 
(2003) and also implied that it was difficult to get better 
spreads. In order to solve these problems, we destroyed 
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Fig. 2 The metaphase spreads from regenerative somatic cells of Branchiostoma belcheri (A: female, B: male) and 


B. japonicum (C: female, D: male). Bars: 104m 


the envelopes prior to hypotonic treatment. However, the 
dissociated cells almost burst in the common hypotonic 
solution (75mmol/L KCl). This highlighted the need for 
a hypotonic solution concentration suitable for lancelet 
cells. We found that the KCI solution of 187.5mmol/L 
concentration was suitable for lancelet cells. 

The length of chromosome was significantly related 
to the concentration of colchicine and the duration of 
treatment. When Castro & Holland (2002) pretreated the 
embryos with 250ug/mL colchicine for 30min and Wang 


et al (2003, 2004) pretreated them with 50ug/L or 40 
ug/mL for 30min, they obtained most metaphase spreads 
with short chromosomes. We found that most spreads 
had stretched 
pretreated with 20ug/mL colchicine for 15 to 20min at 


chromosomes when embryos were 
room temperature. 

So far, no amphioxus chromosomes have been 
prepared from somatic tissue in previous reports. Howell 
& Boschung (1971) failed in preparing spreads from gill 


and fin epithelia. Moreover, the testes and embryos 
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g.3 Observed frequency distribution of chromosome 
numbers in two lancelets Branchiostoma belcheri 
and B. japonicum 


of lancelet could only be obtained in a given season. 
Thus, the successful preparation from regenerative cells 
will be helpful in studying amphioxus chromosomes. To 
prepare metaphase from regenerative cells, it was 
necessary to pretreat the animals with colchicine. When 
the animals were pretreated in 20 ug/mL colchicine for 
40min and 1h, the chromosomes presented rod (Fig. 2 B, 
C) and short-rod shape (Fig. 2 D) respectively. The 
chromosomes became shorter with the increase of 
colchicine concentration or treatment duration. When the 
animals were pretreated in 30 ug/mL for 2 h, the 
chromosomes were dot-shaped (Fig. 2 A). 

Furthermore, Nogusa (1957) claimed the presence 
of pair of XY sex-chromosome in B. belcheri (actually B. 
japonicum), and Wang et al (2003, 2004) also suggested 
that the second pair of chromosomes in B. belcheri 
tsingtauense might be sex-chromosomes but the 
chromosome type (XY or ZW) remain to be clarified. 
This issue could be resolved by increasing the number of 
metaphases, and the corresponding G-banded 
chromosomes, observed from two sex distinguishable 
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